Objectives: Cadmium (Cd) is a persistent and widespread environmental pollutant, which may constitute a potential risk factor for hormone-dependent tumors such as endometrial cancer. The vascular endothelium is an important target of cadmium toxicity, which may interfere with the coagulation cascade and fibrinolytic system. The aim of this research was to investigate whether in female patients with uterine endometrial cancer or myoma in comparison to healthy women, the concentration of cadmium in blood affects the process of coagulation and fibrinolysis. Materials and Methods: The study group comprised 91 women: 35 healthy (A-control), 39 with uterine myoma (B) and 17 with endometrial cancer (C), in which blood cadmium concentrations (BCd), coagulation and selected fibrinolysis parameters in plasma were assayed. Results: In the women with myoma and especially in those with endometrial cancer disturbances in coagulation and fibrinolysis were detected when compared to the healthy women. In the group of women with endometrial cancer significant changes in prothrombin index, levels of fibrinogen, fibrin D-dimer and t-PA were observed. Whereas, in the patients with myoma significant changes in prothrombin time, index of vWillebrand Factor and fibrin D-dimer level were noted. Mean BCd concentrations in subsequent groups were as follows: B -0.91±0.81; C -0.78±0.45 μg Cd/l and did not differ significantly in comparison with the control group (0.86±0.35 μg Cd/l). However, in each study group smokers had approximately twice as high BCd as non-smokers. Studies also showed significant associations between BCd and fibrinogen level and thrombin time among the women with myoma and endometrial cancer, as well as in healthy women. Moreover, thrombin time significantly correlated with fibrinogen level in the women studied. Conclusions: In the patients with myoma and especially in these with endometrial cancer disturbances in coagulation and fibrinolysis parameters leading to hypercoagulability were detected. Exposure to cadmium can be one of the factors inducing these changes.
between uterine tissue levels of Cd and ER (estrogen receptor) expression in women with myoma was identified [15] . In cancer patients, hyperviscosity may be a physiological link between "Traussean's syndrome" (carcinoma-induced coagulopathy), thrombosis and metastases [18, 19] . Recent investigations have found that during tumor growth, angiogenesis and the coagulation cascade, the components of the fibrinolytic system are activated, and the function of the affected organs is impaired [20] [21] [22] . In addition, many authors suggest that smokers bear an increased risk of thromboembolic events, as well as vascular endothelium dysfunction [23] [24] [25] . However, not many data concerning the effect of cadmium on coagulation and fibrinolysis processes is available. The aim of this research was to investigate whether in female patients with uterine endometrial cancer or myoma, in comparison to healthy women, the concentration of cadmium in blood affects the process of coagulation and fibrinolysis.
MATERIALS AND METHODS

Study populations
The control (group A) consisted of 35 healthy female volunteers, who performed routine gynecological check up in the health centre. The patients were classified to this group on the basis of the gynecological examination, ultrasonographic test, as well as morphological, coagulation and CRP assay (CRP ≤ 1 mg/dl). The study groups comprised 56 female patients with ute rine tumor or cancer admitted to the Department of Gyne cological Surgery, in Łódź over the years [2008] [2009] . On the basis of histopathological examination of tissues collected during the surgery, 56 patients were divided into two cohorts: group B comprising 39 patients with uterine myoma (intramural leiomyomas sine neoplasmate) and group C comprising 17 consecutive patients with uterine cancer (endometrial carcinoma Grade II and Grade III). Information concerning age, menopausal state, smoking
INTRODUCTION
Cadmium (Cd) belongs to heavy metals, and is very common both in the industry and in the natural environment. It is classified as the 7th substance on the Agency for Toxic Substances and Disease Registry Priority List of Hazardous Substances [1] . The main source of exposure to cadmium for general population is smoking tobacco or consumption of food containing cadmium [2] [3] [4] . Inhalation absorption is also efficient and thus smokers have 4-5 times greater blood cadmium levels than non-smokers [1, 5] . Women are thought to be at greater risk of increased cadmium accumulation, as the concentrations of cadmium in blood and urine of females are significantly higher than in males due to the lower levels of iron [6] . Cd has a half-life of 3-4 months in blood and then it is transported to other parts of the body. It accumulates mainly in kidneys, liver and lungs [7] . In addition, as our earlier studies point out, it is also retained in reproductive organs [8] . Cadmium elimination from the organism is extremely slow and its biological half-life is 10-30 years [9] . Due to the endocrine-disrupting properties of cadmium [10] , it has been suggested that environmental exposure to it may cause estrogen-dependent diseases such as breast cancer and endometrial cancer [11] [12] [13] . Moreover, although uterine myomas belong to the group of hormone-dependent tumors, the participation of cadmium in their etiology has not been fully explained [14] [15] [16] . Our earlier studies on women with myoma and endometrial cancer showed the accumulation of cadmium in the affected tissues. Moreover, a significant increase in calcium, as well as a decrease in iron concentration, was found in uterine cancer tissue [8] . These elements take part in blood coagulation process [17] . Furthermore, our research has confirmed that Cd concentration in blood significantly correlates with Cd level in uterine tissue in myoma and the surrounding myometrium. Moreover, in an additional path analysis a correlation O R I G I N A L P A P E R S IJOMEH 2013;26(2) 293 -an EDTA-anticoagulant prescreened for background metal contamination (S-Monovette, Sarsted, Germany), -without anticoagulant, -with citrate (Becton Dickinson), -with Li-heparin-anticoagulant for cadmium analysis (Monovette LH, Sarsted, Germany). Plasma samples were prepared by centrifugation of blood at 2200×g for 10 min, and stored at -20°C. Prothrombin time (PT), thrombin time (TT), prothrombin index (PI), activated partial thromboplastin time (APTT), fibrinogen (F) concentration were measured by the use of an analyzer (Behring Coagulation System BCS XP, Dade Behring). Cadmium concentrations in whole blood were measured using graphite furnace atomic absorption spectrometry (GFAAS) at 228.8 nm (Hitachi Z-8270, Tokyo, Japan) with Zeeman correction. The limits of detection, calculated as the concentration corresponding to an absorption value equal to three times the standard deviation of the signal for the lowest standard, was 0.2 μg/l. Seronorm Whole Blood-1 (Sero, Norway) was used as a reference material, containing cadmium at a concentration of 0.7 μg/l. The relative standard deviation obtained in the reference material determinations was 5.65% for cadmium. Plasma levels of fibrin D-dimer (D-dimer Plus, Dade Behring), von Willebrand Factor (vWF) activity (BC, von Willebrand Reagent, Dade Behring) were measured by the use of a particle-enhanced immunoturbidimetric assay (BCS XP, Dade Behring). Tests ELISA were used to measure plasminogen activator inhibitor-1 (PAI-1) (Zymutest PAI-1 antigen, Hyphen Biomed), tissue plasminogen activator (t-PA) (Eli test t-PA antigen, Hyphen Biomed), PAP complex (Technoclone TC) and concentration of Factor VII antigen (Asserachrom VII:Ag, Diagnostica Stago). The plasma activity of antithrombin III (AT III) was estimated by the use of chromogenic substrate (Berichrom AT III, BCS XP, Dade Behring). All the assays of the above mentioned parameters were performed within 1 week after collection of the blood samples.
history, the history of co-existing and past diseases, and the use of oral contraceptives was collected for the purpose of this study (groups A, B, C). Self -reported cigarette smoking status was classified as: non-smoker (< 100 life time cigarettes) and current smoker (≤ 10 pack-years; > 10 pack-years). There were no former smokers in the group of the examined patients. "Pack-years of smoking" was calculated by multiplying the number of cigarette packets smoked per day by the number of years the person has smoked (1 pack-year = 20 cigarettes per day for 1 year). In all the examined groups (A, B and C) the proportion of current smokers was about 50%. After an additional division of current smokers in the examined groups, in relation to pack-years, it was concluded that out of the three groups the group of patients with uterine myoma (group B) had the greatest number of smokers (> 10 pack-years). The age of women in group A was between 30 and 57 years (mean: 47.32±5.79) and was not significantly different from the age of the patients with uterine myoma (group B -range: 31-55 years; mean: 46.65±6.32). However, the average age of the patients with endometrial cancer (group C) was significantly higher (50-79 years; mean: 67.43±9.85) in comparison with groups A and B, due to the fact that this type of cancer is most frequently detected in women above 55 years during the pre-and post-menopausal periods. In groups A and B, the number of subjects experiencing menopause was similar (N = 5) and constituted approximately 15% of the total, whereas in group C (N = 7) it was about 50% of the whole group.
Blood collection and tests
Blood samples from the control (group A) were collected during routine tests, while blood samples of the women from groups B and C were collected before applying anticoagulant therapy with unfractionated heparin prior to the surgery. The samples were collected early in the morning by venipuncture in four separate types of vacutainers: (Table 1) .
After dividing the patients into current smokers and non smokers in each examined group (A, B, C), the concentration of BCd among non-smokers did not significantly differ between the groups. The BCd levels of the current smokers (groups A, B, C) were approximately twice as high as those of the non smokers, irrespective of the pack-year value. Nevertheless, no statistically significant differences were detected between the groups A, B and C in current smokers (Table 1 ).
Blood and fibrinolysis parameters
In Table 2 , changes in coagulation and fibrinolysis parameters in each study group are presented. The most significant changes in the studied parameters were observed in the women with endometrial cancer (C) in comparison with the control. In this group (C) the level of fibrinogen (acute phase proteins) was significantly higher than in the control group (A) and group B. Moreover, in group C, a decrease in the levels of prothrombin index were observed, whereas fibrin D-dimer levels were approximately two-fold higher, and t-PA levels about 30% higher in comparison to the control group (Table 2) .
Ethical approval
The study design was approved by the Ethics Committee for Scientific Research of Medical University of Lodz (No. RNN/156/02/KE). All female patients participating in the experiments gave their explicit consent to the study.
Statistical analyses
The obtained data was analyzed using StatSoft STATISTI-CA 9.0 PL. The Mann-Whitney test was used to compare the data obtained in two independent groups (B and C) with the data from the control group (A). The level of statistical significance was established at the value of p ≤ 0.05. Spearman's rank correlation test was applied to assess univariate associations.
RESULTS
Cadmium concentrations in blood
In all patients, the cadmium body burden was assessed by measuring its concentration in blood, which is regarded as an important indicator of recent exposure to cadmium [26] . The mean blood Cd concentration (BCd) was not found to be significantly different between the groups In order to investigate the effect of Cd on the process of coagulation and fibrinolysis, the Spearman's correlation coefficients between Cd concentration in blood and the estimated parameters were calculated (Table 3) 
from the patients groups (A or B or C). ** Statistical difference (p ≤ 0.01) from the patients groups (A or B or C). A -control healthy women (group A). B -women with uterine myomas (group B). C -women with endometrial cancer (group C).
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DISCUSSION
In the presented study, significant changes were exemplified in coagulation parameters and fibrinolysis, both in the women with endometrial cancer and in the group of patients with myoma in comparison with the healthy The fibrin D-dimer level was only found to be significantly dependent on the level of fibrinogen in plasma in the endometrial cancer group (rs = 0.42). However, no correlation between the level of fibrin D-dimer and the concentration of BCd was observed. Also, only in this group (C) vWF (% activity) was correlated with t-PA level (rs = 0.58) and PAI-1 level (rs = 0.68), as well as t-PA level correlated with PAI-1 level (rs = 0.63).
In group B (myoma) the level of fibrinogen significantly correlated with the level of t-PA (rs = 0.51), and did not concentration in the non-smokers was similar to the reference value (0.8 μg/l) [5] . It is generally known that smoking exerts a considerable effect on the level of Cd in blood. It has been estimated that a person smoking 20 cigarettes a day absorbs about 1 μg Cd/day [33] . Furthermore, as in previous studies, cadmium accumulation was confirmed in the myometrium, as well as in the tissues of the patients with myoma and those with endometrial cancer. The levels of cadmium accumulated in the myometrium surrounding the neoplastic tissue were higher than in the neoplastic tissue itself, which probably results from the fact that these are fast growing tissues. In our earlier studies, statistical analysis also demon strated a significant correlation between BCd concentration and Cd level in uterine tissues [8, 15] . Apart from the effect on internal organs, cadmium may also destroy the vascular endothelium, one of the primary targets of Cd toxicity [34, 35] . It has been suggested that the effect of Cd on the vascular endothelium results in a loss of barrier integrity, and an increase in endothelial permeability which, could result in edema, hemorrhage, hypoxia, inflammation and changes in the coagulation cascade and fibrinolysis [36] .
In this study in all the examined women the Sperman's correlation analysis showed that elevated BCd concentrations were correlated with the increased fibrinogen plasma levels. The presented correlation between BCd and fibrinogen level confirms the study of Lin et al. [37] , which demonstrated a similar correlation between Cd concentration in urine and fibrinogen plasma levels in cohort research on humans. It has been suggested that the increase in the plasma fibrinogen level may result from the effect of the associated cadmium exposure on the vascular endothelial cells, which are the initial site of hepatic injury especially in smoking female patients, which was confirmed by studies performed on animals [38] . Fibrinogen is an acute phase protein and a dimeric glycoprotein as well as the plasma component, which is women. In the women with myoma the changes were less pronounced. Statistical analysis showed the correlations between cadmium concentration in blood and the level of fibrinogen and shortening of the thrombin time in the plasma of all the examined and control women. This may suggest that cadmium exerts toxic effect on the vascular endothelium leading to hypercoagulability. However, it has been observed that coagulation factors and regulatory proteins are upregulated in the patients with gastric cancer [27] , colorectal cancer [28] , gynecological cancer [29] , and cervical cancer [30] . However, there are no studies on women with myoma, except for some data in literature from the 1960s [31] . In our study in the patients with myoma, in comparision to the control group, prolongation of prothrombin time, a decrease in prothrombin index and vWF (% activity) and an increase in fibrin D-dimer level were observed, in comparison to the control group. The most pronounced disturbances in the process of coagulation and fibrinolysis in blood plasma were observed in the group of patients with endometrial cancer, which is confirmed by the results obtained by other authors [32] . We observed an increase in fibrinogen plasma level with a simultaneous decrease in prothrombin index, and an increase in fibrin D-dimer and t-PA levels. The aim of this research was to investigate whether in female patients with uterine endometrial cancer or myoma, in comparison to healthy women, the concentration of cadmium in the blood affects the process of coagulation and fibrinolysis. In our study, mean concentration of cadmium in blood of women (including non-smokers and current smokers) did not differ significantly among the groups (A, B, C). Similar results were obtained by Jackson et al. [16] . The major source of cadmium in general population is cigarette smoke (both active and passive) and food. In this study we observed approximately a two-fold increase in the level of cadmium in blood of the smokers in all the examined groups over the non-smokers. However, the mean BCd IJOMEH 2013;26(2) 298 parameter that can gauge ongoing fibrin formation and degradation in some diseases, including ovarian cancer [29, 45] . In our research, like in von Tempelhoff et al. study [19] we have shown a two-fold increase of fibrin D-dimer plasma level, which correlated with fibrinogen level, in the women with endometrial cancer as compared to the control group. Increased fibrin D-dimer plasma levels in the females with myoma, seem to be important as well, although there was no correlation between the level of fibrin D-dimer and fibrinogen level. Despite lack of correlation between BCd and fibrin D-dimer level, it cannot be excluded that fibrinolysis-induced endothelial damage may be disturbed by cadmium. It is suggested that the mechanism of fibrinolytic system activation by cadmium may result from multidirectional effect of this metal, including interactions with essential elements, disturbances of red-ox processes or increased endothelium permeability [46, 47] . In plasma of the women with endometrial cancer, an increase of t-PA level was detected, which did not occur in the women with myoma. The t-PA is a serine protease, synthesized mostly by endothelial cells and apart from u-PA (urokinase plasminogen activator) acts as a plasmin activator. PAI-1 and PAI-2 act as primary inhibitors of these proteins. Research conducted by Yamamoto and Kaji [48] indicates that cadmium reduces the activity of both t-PA and u-PA in vascular endothelial cells through induction of PAI-1 synthesis, which is mediated by protein kinase C activation. However, in our study, increases in PAI-1 concentration were only observed in the groups of females with endometrial cancer. The level of PAI-1 depends, among other factors, on estradiol concentration, hence it is impossible to exclude the fact that cadmium, by influencing the endocrine system, may act as an element increasing the level of PAI-1 [49] . Furthermore, elevated levels of markers of fibrinolysis have been reported in the healthy smokers. In vivo studies [50] have demonstrated major impairment of t-PA release from synthesized exclusively in the liver [39] . It plays a crucial role in the final stage of the coagulation cascade and in the process of platelet aggregation. Elevated fibrinogen plasma levels can cause among others: hypercoagulability and hypoxia, which may lead to growing tumors, by the production of tumor cells themselves, or by inflammation-mediating cells such as epithelial cells, as a tumor response [40] [41] [42] . Polterauer et al. [30] also suggest that fibrinogen level is an independent prognostic parameter in the patients with cervical cancer.
We have also shown a significant, negative correlations between BCd and thrombin time in both, the control group (rs = -0.34) and in the women with endometrial cancer (rs = -0.38), whereas insignificant correlation was observed in the patients with myoma (rs = -0.28). Thrombin time shows the speed at which fibrinogen is converted into fibrin under the influence of the specific serine protease -thrombin. Its shortening may suggest hypercoagulability caused by increased fibrinogen level, as well as increased activity of the factors within the intrinsic and extrinsic coagulation system. Thus, the obtained correlation between thrombin time and BCd concentration suggests intense production of fibrin, which, being an angiogenic factor, may lead to tumor growth [43] . Along with the shortened thrombin time and increased speed of fibrin production, we observed an increase in vWF activity, which is responsible for aggregation and platelet adhesion, and creating a fibrin in the patients with endometrial cancer. Experiments performed on rats after exposing the animals to 15 ppm CdCl 2 (per os) demonstrated shortening of prothrombin time and activated partial thromboplastin time and antithrombin activities, which can lead to hypercoagulability [44] . However, the concentrations of cadmium in the blood of rats quoted by other authors are very high, and seem to be improbable, taking literature data into consideration. The intensified activity of the fibrinolytic system determines the formation of the D-dimer as fibrin degradation product. The D-dimer is a very useful homeostatic the vascular endothelium of smokers. The primary inhibitor of fibrinolysis is PAI-1, which inhibits plasminogen activation by binding with t-PA to the PAI/t-PA complexes. Current smoking is associated with a significant increase in t-PA antigen, which represents mainly the circulating PAI/t-PA complexes and indicates impaired fibrinolytic activity in smokers [51] . Thus, we cannot exclude the fact that the confounding factor is the exposure to tobacco smoke, which is closely correlated with the blood cadmium concentration.
CONCLUSIONS
In the conducted studies in the women with endometrial cancer and myoma, especially in the group of patients with endometrial cancer, disturbances in coagulation and fibrinolysis were detected in comparison with the healthy women. The exemplified correlations between cadmium concentration in blood and the level of fibrionogen, as well as shortened thrombin time, suggest that cadmium may act as one of the factors leading to hypercoagulability. The effects of cadmium on coagulation and fibrinolysis deserve further study in larger and more representative populations. 
